OBJECTIVES

Specific objectives of this research include the following: 1)
Measurements of inherent and apparent optical properties will be conducted in areas frequented by Karenia brevis bloom events off the west Florida coast, and attempt to identify key optical indices for discriminating blooms of K. brevis from other phytoplankton and other sources of optical variability.
2)
We will examine the utility of inversion methods to retrieve phytoplankton absorption from reflectance, and subsequently evaluate this with regard to optical criteria for detection of K. brevis and other phytoplankton taxa.
APPROACH
The funded research will address the following tasks:
Task 1: Conduct measurements of multi-spectral and hyperspectral inherent and apparent optical properties in Florida shelf waters in and around regions impacted by bloom events of Karenia brevis.
Discrete profiles of the inherent optical properties will be assessed with a bio-optics package. This package may include a WETLabs Inc absorption/attenuation meter (ac-9), HOBILabs Hydroscat-6 backscattering sensor, and a suite of Satlantic radiometers (including a hyperspectral tethered Prescribed by ANSI Std Z39-18 radiometric buoy). We have also successfully deployed a 100 spectral channel WETLabs, Inc. Hi-Star absorption/attenuation meter for determination of particulate and dissolved absorption, and this instrument is available for use on this project. Measurements of particulate backscatter may be made using three different instruments, the HOBI Labs, Inc. a-beta, a HOBI Labs, Inc. Hydroscat-6, and a WET Labs, Inc. ECO-VSF3. High spectral resolution surface remote sensing reflectance may be acquired using a Satlantic Hyperspectral Tethered Remote Sensing Buoy (HTSRB). In addition, a Satlantic MicroPro profiling radiometer will be used to provide profiles of upwelling radiance and downwelling irradiance, and can also be used to provide an independent measure of remote sensing reflectance.
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Field operations will be conducted in late fall of years 2 and 3. If possible and should a bloom event occur, field measurements will also be conducted in year 1. The sampling will involve a flexible adaptive sampling style, to respond accordingly to often-unpredictable red tide events. To the extent possible, sampling efforts will be coordinated with the ongoing regional red tide efforts in the area. We intend to conduct a comparative investigation of inversion methods for retrieval of pigment absorption from reflectance. These include an algorithm currently under development by Schofield's lab and the decomposition algorithm of Lee et al. (2002) . This latter approach utilizes a quasianalytical algorithm to analytically calculate the particle backscattering coefficient and the total absorption coefficient from measured remote-sensing reflectance. The algorithm has been shown to work well in coastal waters, and retrieve pigment absorption spectra that differ in correspondence with the type of phytoplankton present. 
WORK COMPLETED
This project is in its initial
RESULTS
An analysis was conducted of a times-series of hyperspectral absorption data that had been acquired using a WETLabs, Inc. Hi-Star during a Karenia brevis bloom event off west Florida in October 2001. The data were analyzed using the similarity index method as described by Millie et al. (1997) . The similarity index represented the degree of similarity between the observed total absorption spectrum measured with the Hi-Star and an average spectrum for Karenia brevis determined by microphotometry on single cells (Lohrenz et al., 1999) in the same population. There was a weak, but significant correlation between similarity index and cell concentrations of K. brevis as determined by microscopic enumeration (Figure 1) . These results show promise for the potential use of in situ hyperspectral instrumentation to detect and monitor bloom events. Forward modeling of reflectance using the radiative transfer model, Hydrolight 4.1, has been performed for a variety of cell densities of K. brevis (Figure 2, upper panel) , in order to examine how variations in K. brevis abundance and distribution influence reflectance signatures. In waters dominated by K. brevis, there appears to be a distinct and consistent reflectance signature. Additional modeling efforts have begun to examine how these results are influenced by the presence of other optical constituents such as chromophoric dissolved organic matter (Figure 2, lower panel) . These results will help efforts to utilize above water radiometric measurements as a means of detection and characterization of K. brevis blooms. One approach that has shown promise for using hyperspectral reflectance to classify algal bloom taxa involves the application of the Lee et al. (2002) inversion model. This quasi-analytical algorithm retrieves a unique phytoplankton pigment absorption signature from hyperspectral reflectance.
Comparisons between retrieved and measured phytoplankton absorption showed good agreement ( Figure 3 ). This provides a promising new approach for discriminating phytoplankton taxa using hyperspectral remote sensing reflectance.
IMPACT/APPLICATIONS
An anticipated product of this effort will be the development of improved optical approaches for detection of K. brevis, and potentially of other algal taxa, that may be applied to observations made using moored or ship-deployed instrumentation, autonomous vehicles, or satellite or aircraft remote sensing. 
